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Description 

[0001] The present invention relates to asphalt roadway paving materials and a method of adding an emulsion in- 

present century was the idea of adding vehicle tire rubber to asphalt developed and crumb rubber from veh.de fires 
was added L Cmmb rubber in an asphaft emulsion proved to be elastic and flexible and is used as a crack sealer w.th 

SoTThrpro'Sem of scrap tires in the environment is well known. In the United States alone. 282 million tires are 
10 discarded every year. Although used in various ways, a stockpile of 1-2 billion scrap tires remains. Many are burned 
as fuel in cement production and some are used as land fill, but the number of scrap tires cont.nues to increase. 
OOo" Scrap rubber, crumb rubber, and reclaimed rubber are a.l terms that are used to descnbe rubber recyc ed 
lorn other uses, principally car tires. Such rubber is a blend, not a pure polymer. Most of the fires ; manufactured .n the 
United States are mainly composed of styrene-butadiene rubber (SBR) or polyisoprene and carbon blacky 
15 [0005] However, with the availability of synthetic polymers of known composition and performance, and moderate 
cost Lre seems to be no particular economic benefit in using scrap rubber. It may be made from recycled fires but 
the processing cost is substantial, so the final consumer cost is comparable to synthetics in most instances. 
[0006] Scrap rubber has been used in road applications since the 1950's in Austral.a ,n sealing appl.cat.ons, as well 
as in crack sealing and joint filling. In other countries, used tires are actually imported as fuel and for other purposes. 
20 in Europe, used tires are an export to countries in the third world and South America. No particular .mpetus for pav.ng 

SwotT Nevertheless, tire rubber especially as crumb rubber has a valuable polymer component that might be ex- 
pected to improve properties such as cohesion, elasticity, tensile strength and deformation resistance of compounds 
to which it is added. For instance, it has been found that, when added to asphalt, crumb rubber from scrap veh.cle fires 

25 improves road durability. Crumb rubber recovered from tires has been successfully used for many years m road appli- 
cations as inter-layers, membrane seals and in hot mix. The increase in viscosity, elasticity and cohesion of the binders 
and mixes resulting have been shown to increase rut resistance, fatigue life, crack resistance and stone retention. The 
decrease in thermal susceptibility makes crumb rubber modified asphalt a positive choice for such appl.cat.ons. 
roOOB] Most asphalt is the product of the distillation of crude petroleum. Bulk properties of asphalt range from hard 

30 and brittle-like solids to almost water-thin liquids. Asphalt cement is the basis of these products and may be liquefied 
for construction purposes by heating, adding solvents, or an emulsif.er. Adding diesel fuel to base asphalt results .n a 
product called "cut-back". The use of emulsions ratherthan cut-backs results in substantial fuel sav.ngs. In the general 
method for emulsifying asphalt, concurrent streams of molten asphalt cement and water containing an emulsifying 
agent are directed by a positive displacement pump into a colloid mill and divided into tiny droplets by intense shear 

35 stress 

[0009] The emulsifier disperses asphalt cement in water for pumping, prolonged storage and mixing. The emulsion 
should "break" quickly when it comes in contact with aggregate in a mixer or sprayed on a roadbed. To accomplish its 
function of cementing and waterproofing, the asphalt must separate from the water phase. In "breaking from the water, 
asphalt droplets coalesce and produce a continuous film of asphalt on the aggregate or pavement. When cured, the 
40 residual asphalt retains all the adhesive, durability, and water-resistant properties of the asphalt cement from which it 
W3S produced 

[0010] Although the application of crumb rubber in emulsions has been somewhat limited, this limitation does not 
result from the difficulty of emulsifying rubber. The limitation is instead a reflection of the other components in crumb 
rubber and the crosslinked nature of the product, which have meant that even the best wet process blends are d.sfinctly 

(0011] aS polymer emulsions have been used in chip sealing and slurry/micro-surfacing. The polymers generally are 
pre-blended with the asphalt, co-milled as latex or added post-mix as latex. These methods are not available for use 

Mm^n-bMd crumb, if completely digested might be able to be emulsified but crumb rubber systems in asphalt 
so are generally two phase and additives such as carbon black are not readily emulsifiable. The methods by wh.ch the 
material may be incorporated in emulsion are thus largely confined to pre-milling addition. 

[0013] Ground solid crumb rubber can be added into slurry mixes as a dry ingredient. In such a case the rubber 
becomes a part of the aggregate phase and acts mainly as a filler. The abrasion resistance of the rubber gives even 
a thin coating a reasonable wearing life, especially if modified with another polymer such as SBR latex. However to 
55 change the elasticity and other desirable properties, the crumb rubber needs to be fully digested so that .t coats the 
D3rticles 

[0014] This is the basis of the process in the instant invention. The invention has applications in chipseals, slurries, 
micro-surfacing, roofing, pipe coating, soil stabilization, and in any other application in which emulsions are used. With 
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bution Wvtrheo Jcal values, enhance the emulsion's characteristics, and prov.de cross-.mk.ng to enable .pp* 

[J a Sht Zr^um ^ent. it I "supplied as a free running high viscosity materia, that . read* poured and 

mm' The instant invention is used by post-mix addition into any of several asphait emulsions with simple mixing. 
Tests of several such formulations developed the following data: 
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Emulsion Type 


% Additive 


Viscosity 


Settlement (one day) 


Residue 


Break (AS1160) 


CRS-2 
CRS-2 
CRS-2 

PMCRS-2 
CQS-1h 

LMCQS-1h 
Micro 


5 

10 

20 

10 

10 

10 

10 


120 
160 
210 
170 
39 
65 
70 


3 
5 
10 
6 
7 
9 
7 


67 
68 
69 
69 
60 
61 
61 


<3 min 
<3 min 
<3 min 
n/a 
n/a 
n/a 
n/a 



The particular additive was prepared as set out below. These results are expected since the emu s.on » a sepanrte 
pLse aTdtdicate that the emulsion must be thoroughly mixed before use. The increase ,n vscosrty -m M«£tob. 
mSSSL Ac Sa. swe.ling of asphalt partic.es by solvent There was no obvious breaking caused by the add,t,on of 

™ 2 T Te"^ simi.ar to ,ha« expected for emu.sions containing about 2 5-10% 

esfdua. cmmbTbbl. Thfe provided torsional recovery up to 10% and viscosity increase and ,s ,nd.ca -ve of tte re- 
meZ andThe digestion of the rubber into the aspha.. due to the application of heat. Results wth an add,t,ve 
prepared as set out below were as follows: 





Emulsion Type 


% Additive 


Torsional Recovery 


Pen 25C 


Viscosity p 60C 


After RTFOT Viscosity 




CRS-2 


0 
10 


0 
3 


121 
181 


764 
1377 


1219 
1377 


55 




15 
20 


5 
9 


195 
210 








CQS-1h 


0 


60 


60 
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(continued) 



Emulsion Type 


% Additive 
5 


Torsional Recovery 
4 


Pen 25C 
68 


Viscosity p 60C 


After RTFOT Viscosity 
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The increase in penetration is JJ^^^L. prepared by mixing the additive of the present in- 

pS. InSon Frte,. when po*™. was KM to ft. a «l»e for addition » the pulsion. the sot «. wao 

?ot 2 T?rvis n c; e sity increase of high float emulsions was increased when modified with the additive of the present 
EnLar^Sert was concentration dependent. The viscosity of cationic emulsions was not s.gmficantly affected 
Lnd « time afs^wn in fTo L decrease was greater as the addition rate was increased. Emulsions already 
^wS sSSr .suits, indicating once again the advantage of mixing the additive of the present 

Spa^ by weighTof a solvent and crumb rubber. The total parts by weight of these two ,ngred.ents compnsed 
SofabaseTorca^^^ 

SHELL SOL 340HT a complex combination of predominately C9 and C12 hydrocarbons available from Shell Ort Co. 

Utilized TOssolventtends to dissolve natural rubber reclaimed from discarded vehicle fires and swell and soflen 
eclaimS S tire crumb rubber. However, other solvents have been utilized with essent.ally s.m.lar results, 
Fy x^N 3641 and 2024 EXXON naptha 1520, EXXON VARSOL 1 or 18 and any other napthas. 

^SS^^S^SSJvi depending upon the sfee of the 
Semuteion with which the additive is to be utilized. The solvent is believed to be erther paraapate m 
eaSon or TpaSy dissolve the rubber particles (and/or the latex or synthetic rubbers) wh,ch ""^M««Q 
Mheemusto^ and it is believed that this result is an important aspect of the superior perforrnan^ 

: ch a— edinaccort 

however best results are usually achieved with proportions of between about 40 and about 60 /.. 
S The is naLl rubber and vulcanized crumb rubber particles, 20-50 mesh, obta.ned from d,scarded 

E tires Mhoug the size of the particles is preferably 20-50 mesh (0.84 - 0.297 mm), a range of particle sizes 
^Tb^oTSut 100 can be utilLd to advantage in connection with the additive of the present .nvenfion The 
Zortton of rubber particles added ranges from 30 to 70%. depending upon particle s*e and the part.cular emuls,on 
w^nrthfaddK to be utilized" Generally, proportions of between 40 and 60% are utilized, however, best 
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No. 4,282.037. Uationic emuismerb 8>uw R , ,k, DU i !N resDectively) described n U.S. Patent Nu. 

agSSd "a nonionic ethoUed nony.pheno. (CR.SONAL 100/70. Christiansen Chemicals, San Antonio, TX). 

fo *the ^ ^ts are achieved when the Cay is uti.ized in a proportion of from about 8 

SSS" 1 ^2£ST^ -ay be inc.uded in the addttve of the present invention are nature, and synthetic 

Maririw i catisfactorv results are obtained in proportions ranging from 2 to zu/o. 

00361 An ^anfs^plg agent is also utilized in the additive of the present invention. Anti-str.pp,ng agents such as 
E^JS^T*^ are utilized to advantage, and the anti-stripping agent generally comprise, i from 
about 0 ^toTbout 1.5% oithe additive. Particularly preferred for use as the second binder is an al.phabc amine 
fnolvlmineVsuch as the polyamine available underthe trademark NRD BOTTOMS (Nova Technologies. Houston. TX) 

polyamine) such asthe poiyamme anti-stripping agent enhances adhesion of 

TpSriate for use in the additive of the present invention include the quaternary amine sold as UNICHEM 8162 

ZteZTSm part by weight; and the three remaining ingredients as follows: anti-stnpp.ng agent, atactic 

°00 9 3 f C mp dson f^nd'uc^wiSui wSh and without the addttve of the present ^ 
that the addle improves the performance characteristics of the emulsion residue. In one test, a sample of ^standard 
CRS 2 em sion wa obtained from Koch Asphalt (Austin. TX), modified by the addition of 10% rubber additive by 
weight oft «n JSidue (6.87% of the total emulsion) and blended with a mechanical stirrer to insure comp.ete 
distribution. The two emulsions were then tested to give the following results: 
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. Penetration at 77°F (25°C). 1 00g, 5 sec (ASTM D5) 
• Viscosity at 140°F (60°C), Poises(ASTM D2171) 



Tests on Distillation Residue 

after Thin Film Oven Test (ASTM D 1754): 



. Penetration at77°F <25°C), 100g, 5 sec (ASTM D5) 
• Viscosity at 140°F (60°C), poises (ASTM D2171) 
. Ductility at 77°F (25°C), 5 cm/min, cm (ASTM D113) 




764 (76.4 kg/ms) 



89 

1219(121.9 kg/ms) 



Koch CRS-2 With Additive 
1 



850 (85 kg/ms) 



96 

1377 (137.7 kg/ms) 
49 



„ ^**r roQiHnA at 77°F f25°C) than the unmodified emulsion, indicating 
These results show that the addit,ve produces a * ^^^^J^Li with regard in toughness and rock 
that the modified emulsion performs as well or bette ^ " at low roud temperatures, 

retention at elevated road temperatures and ,s ^^^^^^^^ potential of the asphalt. The 
10040] Both emulsion residues we^ agjng ^ vjscosjty was 

modified emulsion residue was softer at 77 F (25 "J" .„ better fi|m strengt h or toughness after aging at 
slightly higher. These 

thicker, indicating a tougher, higher film strength asphalt different emu|sions on chip re - 

[0041] Additional tests 7^**^ *^ m S g the Vialet Procedure by curing the plates in the 

retained) were as follows: 
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Emulsion Type 


% Additive 


1 hour 


12 hour 


CRS-2 


0 


61 


87 


CRS-2 


5 


70 


92 


CRS-2 


10 


73 


95 


CMS-2 


0 


55 


81 


CMS-2 


5 


75 


94 


CMS-2 


10 


84 


97 


HFE90 


0 


66 


85 


HFE90 


5 


76 


97 


HFE90 


10 


91 


96 



Viscose testing over time was conducted in accordance with industry standard 
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Emulsion Type 


% Additive 


0 hours 


1 hour 


6 hours 


24 hours 


CRS-2 


0 


325 






200 


CRS-2 


5 


347 


322 


313 


CRS-2 


10 


386 


175 


98 




CMS-2 


0 


287 






222 


CMS-2 


5 


321 


334 


259 


CMS-2 


10 


495 


360 


189 


126 


HFE90 


0 


221 






360 


HFE90 


5 


328 


341 


355 


HFE90 


10 


I 476 


482 


498 


479 
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asphalt if the additive is mixed with the emulsion on srte '.e post-mix. ^ 
[0 042] in the method of preparing '^V^^^^Z^'^^ of being mixed with the emulsion 
additive of the present invention, as noted above has ft , very £gn ^ po , ypropy|ene ^er, 

after milling. In other words, the additive ; ,s prepared ^^^ w ^ eroolor .cm m b rubber is then added 
and anti-stripping agent to the solvent m.x,ng ^ZZbM^^ to the site at which the asphalt is to 
and mixed, followed by the addition o *Z£R^£EiZ^ into the distributor truck (preferably 
be applied where the desired amount of rtdrtM ik, J^SSLd asphalt emulsion, at ambient temperatures, 
using the pump on the truck) and mixed I w. h the purcha p ^ ^ ^ ^ 

using the interna. circu-ation oump on »° depending upon the use and nature 

[00431 The additive is mixed with the emulsion in a wioe rang y p to gs h|gh 

a boot 5 a «d .bout 16% 01 th. mod*«l «*ja ^^JJJV^J up( ,„, heas ph.n e — s ion.lhaIpr.fer,.o 

emulsion to a surface comprising the steps of: 

,o torn bb «ktt. bbboob^ 3 «^^„ „„„ a „ wpl „ 9 ag « 

from 2 to 20% of the asphalt emulsion and mixing; and 
30 spraying the asphalt emulsion onto a surface. 

[0 046] Another aspect of the invention relates to an additive for use in modifying an asphalt emulsion at ambient 
temperature comprising: 
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3 to 7 parts by weight of the additive; 

0.5 to 5 parts by weight of an emulsifier; 

2 5 to 4.5 parts by weight of water; and 

0 3 to 1.5 parts by weight of an anti-stripping agent. 



Claims 

45 the steps of: 

mixi ng an emulsine, atactic polypro^ 

mixing the additive with an asphalt emulsion at ambient temperature; and 
spraying the mixture of additive and asphalt emulsion onto a surface. 

2 The method according to claim 1 in which the aliphatic solvent is a naptha. 

Tne method according to Cairn 2 in which the aliphatic solvent comprises 30 to 70% of the mix of solvent, crumb 
rubber, emulsifier. atactic polypropylene powder and anti-str.pp.ng agent. 

The method according to claim 1 in which the crumb rubber comprises reclaimed natural and vulcanized crumb 
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rubber. 

5 The method according to Cairn 4 wherein the crumb rubber comprises 30 to 70% of the mix of solvent, crumb 
rubber, emulsifier, atactic polypropylene powder, and ant.-stnpp.ng agent. 

6. The method according to claim 1 in which the emulsifier is a non-ionic ethoxylated nonylphenol. 

7. The method of claim 4 in which the emulsifier additionally comprises a lignosulfonic acid. 

8. The method according to claim 1 in which the anti-stripping agent is an aliphatic amine. 

9. The method according to c.aim 1 wherein the particle size of the crumb rubber is 20-50 mesh (0.84 - 0.297 mm). 

10. Amethod of adding crumb rubber. o an asphalt emulsion and applying theasphalt emulsion to a surface comprising 
the steps of: 

comprises from 2 to 20% of the asphalt emulsion and mixing; and 
spraying the asphalt emulsion onto a surface. 

11. The method according to claim 10 in which the aliphatic solvent is naptha. 

12. The method according to claim 10 in which the crumb rubber comprises reclaimed natural and vulcanized crumb 
rubber. 

13. The method according to claim 10 in which the emulsifier is a non ionic ethoxylated nonylphenol. 

14. The method of claim 13 in which the emulsifier additionally comprises a lignosulfonic acid. 

15. The method according to claim 10 in which the anti-stripping agent is an aliphatic amine. 

16. The method according to claim 10 wherein the particle s*e of the crumb rubber is 20-50 mesh (0.84 - 0.297 mm). 

17. The method according in any one of claims 10, 11 , 12, or 16 in which the additive comprises from 8 to 15% of the 
asphalt emulsion. 

18. An additive for use in modifying an asphalt emulsion at ambient temperature comprising: 

equal parts of an aliphatic solvent and crumb rubber, the aliphatic solvent and the crumb rubber each com- 
prising 3 to 7 parts by weight of the additive; 
0.5 to 5 parts by weight of an emulsifier; 
2.5 to 4.5 parts by weight of water; and 
0.3 to 1.5 parts by weight of an anti-stripping agent. 

19. The additive of claim 18 additionally comprising from 2 to 20% rubber. 

20. The additive of claim 18 additionally comprising from 1 to 4% atactic polypropylene. 

21. The additive of claim 18 wherein the emulsifier is a cationic, anionic, or nonionic emulsifier. 

Patentanspruche 

1. EinVerfahrenzumZufugenvonKrume^^ 
auf eine Oberflache, welches die Schritte umfaRt: 



8 



EP 0 866 837 B1 

Misc^nesEmu,^^ 

"oi issel » «* - Emu,gator - ataktfechem p ° iypropy,enpu,ver und Anti - Ab - 

zS 6 vo? 225m gemiscnten Emu.gator, ataktischen Po.ypropy.enpu,ver und Anti-Abziehmittel. urn 

SZ^sS; m* einer Asphaltemulsion be. ^"i^S* 
Spruhen der Mischung aus Additiv und Aspha.temu.sion auf e,ne Oberflache. 

Das Verfahren nach Anspruch 1 . bei welchem das a.ipbatische Losungsmittel ein Naphtha ist. 

, oas Verfahren nach Ans pruch £ hei we, ^^^^^^^ " 
Losungsmittel, Krumelgummi, Emulgator, ataKtiscnem ro.yy y 

4. p as »»» a=c* ^ .. N. *mm « w.^— N» «. — n 

Krumelgummi umfalit. 

e Das «* Anapna* 1. M -«-» - 6""** * 5 N °" y " >ten0 ' 

,. D« verTah™ »a* «™p™» 4, M * »— * - "9— ' — 

, p. vrtMo n.ch Anapm* 1 . bai „*«, da, MWttMW * An* ia,. 

, p^anna**^ 

auf eine Oberflache, welches die Schritte umfalit: 

e . *« ^nP^ataktischenPolypropylenpulversundeinesAnti-Abziehmittelsineinem 
Beimischen eines Emulgators, eines atakt,schen A 3 r °;;., de H n welches aus je weils 3 bis 7 Teilen Losungs- 
aiiphatischen Losungsmitte. und Wasser. ™™^™^£2Z££ als 1 Teil ataktischem Po.y- 
rnittel und Krumelgummi, 1.5 Teilen Emulgator besteht, und aus jewens wenig 

^^^t^^^o, bei Umgebungste : pe = und in einem Verh,tnis, so da, 
das Additiv von 2 bis 20 % der Asphaltemulsion umfalit, und m.schen. und 
Spruhen der Asphaltemulsion auf eine Oberflache. 

,1 Das Verfahren nach Anspruch 10. bei welchem das a.ipbatische Losungsmittel Naphtha ist. 

12 . Das Verfahren nach Anspr^ 
Krumelgummi umfalit. 

13 . Das Vefahren nach Anspruch 10, bei we,chem der Emulgator ein nicht-ionisches ethoxyliertes Nony.pheno. ist. 

14 . Das Verfahren nach Anspruch 13, bei welchem der Emulgator zusatz.ich eine Lignosu.fonsaure umfafct. 
1. Das Verfahren nach Anspruch 10, bei welchem das Anti-Abziehmittel ein a.iphatisches Amin ist. 

n DasVerfahrennachAnspruch^^^ 

17 . Das Verfahren nach einem der AnsprOche 10, 11, 12 Oder 16. bei welchem das Additiv von 8 bis 15 % der As- 
phaltemulsion umfalit. 

g ,eiche Tei.e eines a.iphatischen L6sungsmitte.s und KrOmelgummis. wobei das a.ipbatische Losungsmitte, 
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und der Krumelgummi jeweils 3 bis 7 Gewichtsteile des Additivs umfassen; 

0,5 bis 5 Gewichtsteile eines Emulgators; 

2 5 bis 4,5 Gewichtsteile Wasser; und 

0.3 bis 1,5 Gewichtsteile eines Anti-Abziehmittels. 

5 19 . Das Additiv nach Anspruch 18, welches zusatziich von 2 bis 20 % Gummi umfaBt. 

20 Das Additiv nach Anspruch 18. welches zusatziich von 1 bis 4 % ataktisches Polypropy.en umfa8t. 

,o 21 . Das Add rt K,nachAns P ^ 
ist. 
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Revendications 

1 Pro cede consistent a ajouter du caoutchouc grumeleux a une emulsion bitumineuse e, a app.iquer .'emulsion 
bitumineuse a une surface, comprenant les etapes sutvantes : 

melanger un emulsif.ant, soit une poudre de polyene atactique. et un agent activant dans un solvent 
Jut^outchouc grumeleux au melange d'emu.sif,ant. sol, une poudre de polypropylene atactique, et 

^Trl^ 

Sng" Savec une emulsion bitumineuse a ,a temperature amb^nte ; et 
pulveriser le melange d'additif et d'emulsion bitumineuse sur une surface. 

2 Precede selon la revendication 1, dans leque. le solvant aliphatique est un naphta. 

4. Pr ocedese,on,arevendicationM 
et du caoutchouc grumeleux vulcanise. 

6. Precede se.on la revendication 1 . dans lequel I'emulsifiant est un nonylpheno. ethoxyle non ionique. 

7. Precede se.on la revendication 4, dans leque. remulsiflant comprend, en outre, un acide lignosulfonique. 

8. Procede selon la revendication 1. dans leque. I'agent activant est une amine aliphatique. 

, 5 9. Precede selon la revendication 1. dans .eque. la granulomere du caoutchouc grumeleux varie entre 20 et 50 
mesh (0,84 et 0,297 mm). 

10 Precede consistent a ajouter du caoutchouc grumeleux a une emulsion bitumineuse et a appliquer .'emulsion 
' bitumineuse a une surface, comprenant les etapes suivantes : 

comprend 2 a 20 % de I'emulsion bitumineuse et melanger ; et 
pulveriser I'emulsion bitumineuse sur une surface. 
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11. Precede selon la revendication 10, dans lequel le solvent aliphatique est un naphta. 

12. Precede selon la revendication 10. dans lequel le caoutchouc grume.eux comprend du caoutchouc nature, rege- 
nere et du caoutchouc gnjmeleux vulcanise. 

5 13. Precede selon la revendication 10, dans leque. I'emu.sifiant est un nonylphenol ethoxyle non ionique. 

14. Precede selon la revendication 13, dans lequel Pendant comprend. en outre, un acide lignosulfonique. 
10 15. Precede selon la revendication 10, dans lequel .agent activant est une amine aliphatique. 

16. Precede se.en la revendication 10. dans .eque. la granulomere du caoutchouc grume.eux varie entre 20 et 50 
mesh (0,84 et 0,297 mm). 

17. Precede selon run. que.cenque des revendicatiens 10. 11, 12 eu 16, dans .eque. .'additif comprend 8 a 15 % de 
I'emulsion bitumineuse. 

18. Additif destine a une utilisation dans le but de modifier une emulsion bitumineuse. a la temperature ambiante. 



20 



30 



comprenant : 



des parties ega.es de solvent a.iphatique et de caoutchouc grume.eux, le solvent aliphatique et le caoutchouc 
grumeleux comprenant chacun 3 a 7 parties en poids de .'additif ; 



0,5 £ 5 parties en poids d'un emulsifiant ; 
2,5 a 4,5 parties en poids d'eau ; et 
2 5 o,3 a 1 ,5 parties en poids d'un agent activant. 



19. Additif selon la revendication 18, comprenant. en outre, 2 a 20 % de caoutchouc. 

20. Additif selon la revendication 18. comprenant. en outre, 1 a 4 % de polypropylene atactique. 

21. Additif selon la revendication 18. dans leque. .'emulsifiant est un emulsifiant catienique. anionique eu non ionique. 
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Figure I WET TRACK ABRASION LOSS 
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Figure z LOADED WHEEL TEST 



DISPLACEMENT (%) 




TYPE (3%) 
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Figure 3 MICROSURFACING 
cohesion COHESION 




ASPHALT 5BR 



SBS NEOPRENE NAT LATEX RG-1* 

TYPE (3%) 



[E330 MINUTES 160 MINUTES 



Figure 4 Chip Retention 



Emulsion 
Type 


% RG-1 


1 hour cure 


12 hour cure 


CRS-2 


0 


61 


87 




5 


70 


92 




10 


73 


95 


CMS-2 


0 


55 


81 




5 


75 


94 




10 


84 


97 


HFE90 


0 


66 


85 




5 


76 


97 




10 


91 


96 
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Figure 5 RG-1 V Polymer 




Figure 6 Effect On Viscosity with Time. 




Time (hrt) 
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